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a b s t r a c t
The present study deals with the three-dimensional flow in a rotating channel of lower
permeable stretching wall. The unsteady squeezing flow in the presence of transverse
magnetic flux is mathematically modeled with the help of Navier–Stokes equations. The
governing equations are normalized with the help of suitable similarity transformations
and the analysis is based on a numerical technique. The numerical results are validated
with the analytic solution by homotopy analysis method. The flow characteristics are
investigated by a comprehensive parametric study. Various aspects of squeezing flow are
focused and examined by plotting graphs and tables of stream lines, velocity profiles,
pressure gradient and shear stresses. The vertical motion of upper plate interrupts the
velocity in the channel remarkably and the pressure variations are significant near the
boundaries of the channel. The downward motion of upper plate augments the forward
flow and viscous drag on lower plate, whereas, upward motion enhances the reverse flow.
However, a suitable choice of squeezing velocity can minimize the viscous drag on lower
plate.
© 2012 Elsevier Ltd. All rights reserved.
1. Introduction
The rotating flow over stretching surfaces has been gained huge attention due to large applications in chemical as well
as mechanical engineering processes. Particularly, in the manufacturing of fibers, such as, thin plastic sheets, fabrication of
paper, insulatingmaterial and other various processes, the rawmaterial undergoes linear stretching, elongating and rotating
phenomena while it is extruded from the die under high temperature. In these processes the controlled movement of the
product and the calculation of viscous drag concern as the core of investigation to obtain the final product of desire faces. To
minimize the viscous drag over manufacturing products, theoretical learning of the flow characteristics can be useful before
the experimental setup.
Due to these large implications, the hypothetical learning of such kind of flow phenomenon greatly appeals the
scientists, engineers and mathematicians. Theoretically, the pioneer work on stretching surface was started by Crane [1]
who investigated the two-dimensional flow of viscous fluid over a stretching wall. Wang [2] extended the work by
considering three-dimensional flow due to stretching of a sheet in two perpendicular directions. Inspired by these innovator
theories, abundant contributions have been done by numerous researchers on the flow over stretching sheet. In this
regard, Andersson [3] investigated MHD effects on the boundary-layer flow of non-Newtonian fluid past a stretching sheet.
Carragher and Crane [4] investigated the heat transfer phenomena on a continuous stretching sheet. Grubka and Bobba [5]
performed heat transfer analysis by considering the variable property temperature. Some recent contributions include the
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work of Ali and Mehmood [6] who discussed the unsteady flow in a porous medium over a permeable stretching sheet.
Mehmood and Ali [7] investigated the generalized three-dimensional flow and heat transfer over a stretching sheet via
series solution which is valid for the whole range of stretching parameter. The axisymmetric flow of a non-Newtonian fluid
over a radially stretching disk was studied by Ariel [8] in which the perturbation solution for small range of parameters and
asymptotic solution for large range were obtained. Zaturska and Banks [9] discussed the characteristics of flow in a channel
with porous stretching boundaries. Heat transfer analysis for the boundary-layer flow over an unsteady stretching surface
was conducted numerically by Elbashbeshy [10]. Currently, Fang and Zhang [11]modified the problemof Ariel [8] by taking a
viscous fluid between two coaxial infinite radially stretching diskswith different stretching rates. Robert et al. [12] confirmed
the results reported by [11] using an analytic technique homotopy analysis method (HAM) by showing a good agreement. A
complete thermo-dynamical analysis of the flow in a porousmedia over a porous stretching platewas presented by Tamayol
et al. [13]. Munawar et al. [14] analyzed the slip effect on the flow in a channel bounded by two stretching disks with the
help of optimal HAM. Borkakoti and Bharali [15] investigated a three-dimensional flow in a channel with a stretching wall.
Hayat et al. [16] discussed the effect of magnetic field on peristaltic flow in a symmetric channel. Vajravelu and Kumar [17]
considered the MHD viscous fluid in a rotating channel of lower stretching wall and upper permeable wall and obtained
numerical solution. Mehmood and Ali [18] analyzed a three-dimensional flow in a channel bounded by the lower stretching
plate and upper permeable plate and observed that the viscous drag at lower wall increases due to the presence of injection
at the upper plate. To overcome this deficiency Mehmood and Ali [19] modified the physical model by taking suction at the
lower wall and showed that the viscous drag can be minimized by increasing suction at the lower plate.
The flow squeezed by two parallel plates has been investigated by various researchers [20–28]. Hamza and
Macdonald [20] studied two-dimensional squeezed flow between two parallel plates and obtained finite difference
solution. Hamza [21] analyzed the similarity solution of the squeezed flow of electrically conducting fluid between two
rotating disks. Singh et al. [22] investigated the effects of squeezing flow in a channel with moving boundaries in the
perpendicular direction to their surfaces. Bhattacharyya and Pal [23] and Rashidi et al. [24] analyzed the unsteady MHD
squeezed flow between two parallel surfaces. Islam et al. [25] studied the axisymmetric squeezing flow in a channel
with porous medium using differential transform method. Recently, Sherwood [26] investigated the squeezed flow of a
power-law fluid between two non-parallel plates. Lawal and Kalyon [27] investigated the effects of slip conditions on
the squeezing flow of a viscoplastic fluid. Idrees et al. [28] used the OHAM to discuss the squeezing flow in a channel
and showed a good comparison with already existing results. Domairry and Aziz [29] obtained an analytic solution
for an unsteady MHD squeezing flow with suction and injection effects by using homotopy perturbation method. The
flow through a rotating channel has many applications in industrial and engineering processes and in geophysical fluid
dynamics. For example, in rotating devices and machinery, such as, radial pump flows or compressor compellers, the
measurement of mass flow rate is highly dependent upon the Coriolis force. Furthermore, the rotating flow of an electrically
conducting fluid manifested with a magnetic field is a problem of great interest and has been investigated by various
researchers [30–33].
The purpose of current study is to concentrate on the effect of squeezing on the rotating flow of electrically conducting
viscous fluid in a channel of lower stretching porous wall. The current study is an extension on the work of Vajravelu and
Kumar [17] by taking vertical motion of the upper plate and suction at the lower plate. In this article, it is shown that due
to squeezing phenomena it is easier to regulate and adjust the viscous drag on stretching sheet. The problem is solved with
a numerical technique the shooting method using computational software Mathematica and the results are compared with
an analytic technique homotopy analysis method HAM [34–40].
2. The mathematical formulation of the problem
Let us assume an unsteady three-dimensional rotating flow of an incompressible electrically conducting viscous fluid
between two infinite horizontal plane walls. The lower plane is positioned at y = 0 and is stretching with a time-dependent
velocity U0(t) = ax/(1 − γ t) in x-direction. The upper plane is located at a variable distance h(t) = √ν(1− γ t)/a, and
squeezes the fluid with a time-dependent velocity Vh = dh/dt in the negative y-direction. The fluid and the channel are
rotating about y-axis with an angular velocity  = ωj/(1 − γ t) and the lower plate sucks the flow with the velocity
−V0/(1− γ t). A magnetic field with density B0/√(1− γ t) is applied along y-axis about which the system is rotating. Such
types of velocities andmagnetic field are introduced in order to acquire similarity solutions by reducing governing equations
into ordinary differential equations. The axonometric model of the considered problem, along with the coordinate system
is shown in Fig. 1. The governing equations in a rotating frame of reference are given by [30,31,33]:
∇ · V, (1)
ρ

∂V
∂t
+ (V · ∇)V+ 2× V

= ∇ · T+ J× B, (2)
where T is the Cauchy stress tensor, J the magnetic flux and B the current density.
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Fig. 1. Schematic diagram and the coordinate system for the considered flow.
In component form the problem is described by the following set of Navier–Stokes equations [17,29,35]:
∂u
∂x
+ ∂v
∂y
= 0, (3)
∂u
∂t
+ u∂u
∂x
+ v ∂u
∂y
+ 2 ω
1− γ tw = −
1
ρ
∂p
∂x
+ ν

∂2u
∂x2
+ ∂
2u
∂y2

− σB
2
0
ρ (1− γ t)u, (4)
∂v
∂t
+ u∂v
∂x
+ v ∂v
∂y
= − 1
ρ
∂p
∂y
+ ν

∂2v
∂x2
+ ∂
2v
∂y2

, (5)
∂w
∂t
+ u∂w
∂x
+ v ∂w
∂y
− 2 ω
1− γ t u = ν

∂2w
∂x2
+ ∂
2w
∂y2

− σB
2
0
ρ (1− γ t)w. (6)
Subject to the boundary conditions
u (x, y, t) = U0 = ax1− γ t , v (x, y, t) = −
V0
1− γ t , w (x, y, t) = 0 at y = 0, (7)
u (x, y, t) = 0, v (x, y, t) = Vh = dhdt =
−γ
2

ν
a(1− γ t) , w (x, y, t) = 0 at y = h(t) (8)
where ν is the kinematic viscosity, ρ the density, a the stretching rate of lower plate, B0 the magnetic field, σ the electrical
conductivity and γ is the characteristic parameter with dimension of (time)−1 and γ t < 1.
To normalize the above system of Eqs. (3)–(8), the following similarity transformations in term of stream functionψ are
used:
ψ =

aν
1− γ t xF(η), η =
y
h(t)
, p = µ
x
U0P(η), (9)
u = ∂ψ
∂y
= U0F ′(η), v = −∂ψ
∂x
= −

aν
1− γ t F(η), w = U0G(η). (10)
Substituting (9) and (10) in (3)–(8), we left with the following system of nonlinear differential equations:
F ′′′ + FF ′′ − F ′2 − β F ′ + η
2
F ′′

− 2ΩG−M2F ′ = (1− γ t)
2
ρa2x
∂p
∂x
, (11)
−FF ′ − F ′′ + β
2

F + ηF ′ = 1− γ t
ρaν
∂p
∂η
, (12)
G′′ + FG′ − F ′G− β

G+ η
2
G′

+ 2ΩF ′ −M2G = 0. (13)
In order to reduce the number of independent variables and to retain the similarity solution, Eqs. (11) and (12) are simplified
by cross-differentiation and we left with the following differential equation:
F iv − F ′F ′′ + FF ′′′ − β
2

3F ′′ + ηF ′′′− 2ΩG′ −M2F ′′ = 0, (14)
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Fig. 2. Residual errors, the red line for Eq. (13) and the blue line for Eq. (14), when β = 1.0,Ω = 1.0,M = 1.0 and w0 = 0.5. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
with the boundary data
F(0) = w0, F ′(0) = 1, G(0) = 0, (15)
F(1) = β
2
, F ′(1) = 0, G(1) = 0, (16)
where prime denotes the differentiation with respect to η,Ω = ω/a is the rotation parameter,M2 = σB20/ρa the magnetic
parameter, w0 = V0/ah the suction parameter, β = γ /a the characteristic parameter of the flow. In order to squeeze
the flow, we take β > 0, for which the upper plate moves downward with velocity Vh < 0. For β < 0 the upper plate
moves apart with respect to the plane y = 0, and β = 0 corresponds to the steady state case of the considered problem or
stationary upper plate.
The pressure distribution P can be calculated by integrating equation (12) as:
P = βηF − F
2
2
− F ′ + C, (17)
where C is the constant of integration and can be evaluated by using P(0) = 0.
3. The numerical solution
The above system of non-linear ordinary differential equations (13) and (14) along with the boundary conditions (15)
and (16) is solved numerically with the help of shootingmethod using the built-in commands of the computational software
Mathematica. In order to preserve good precision of numerical algorithm, we set the working-precision equals to 50,
accuracy-goal equals to 25 and precision-goal equals to 25. This means that the software attempts to make the numerical
error in a result of size k be less than 10−25+k10−25. Fig. 2 shows the graphs of residual error for Eqs. (13) and (14) by fixing
other parameters. The figure illustrates that the errors are in admissible range which indicates that our numerical scheme
offers highly accurate solution.
To validate our present numerical solutionwe compare our resultswith an analytic technique homotopy analysismethod
HAM [34]. For this purpose, in view of the boundary data (15) and (16), we choose the following set of initial guesses:
F0 (η) = η − 2η2 + η3 + w0(1− 3η2 + 2η3)+ βη2

3
2
− η

, (18)
G0 (η) = 0, (19)
and the linear operators
LF = d
4
dη4
and LG = d
2
dη2
. (20)
The method has been applied successfully to the non-linear problems in engineering by various researchers [34–40].
Thus for simplicity, rest of detail of the method is concealed here. The final HAM solutions F(η) and G(η) can be written in
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Table 1
Convergence table for [m/m] homotopy padé approximations of F ′′(0),G′(0) when
β = 1.0, w0 = 0.5,M = 1.0 andΩ = 1.0 are kept fixed.
[m/m] F ′′(0) G′(0)
[2/2] −4.579125026 0.154635267
[4/4] −4.579140600 0.154634597
[6/6] −4.579140600 0.154634597
[8/8] −4.579140600 0.154634597
[10/10] −4.579140600 0.154634597
[20/20] −4.579140600 0.154634597
[30/30] −4.579140600 0.154634597
Table 2
Shear stresses F ′′(0) and F ′′(1) at both walls for different values of parameters and a comparison with HAM results whenM = 0.5.
Ω w0 β Numerical results for F ′′(0) HAM results for F ′′(0) Numerical results for F ′′(1) HAM results for F ′′(1)
2.0 0.5 −1.0 −10.5311950 −10.5311950 7.7031724 7.7031724
0.0 −7.5890069 −7.5890069 4.8235909 4.8235909
1.0 −4.5125517 −4.5125517 1.8091719 1.8091719
2.0 −1.2894209 −1.2894209 −1.3542292 −1.3542292
3.0 2.0835034 2.0835034 −4.6700503 −4.6700503
2.0 0.0 2.0 2.0037379 2.0037379 −4.5827056 −4.5827056
0.3 0.0612707 0.0612707 −2.6227888 −2.6227888
0.6 −1.9823394 −1.9823394 −0.7312990 −0.7312990
0.9 −4.1349448 −4.1349448 1.0924124 1.0924124
1.2 −6.4047636 −6.4047636 2.8491655 2.8491655
1.0 0.5 2.0 −1.3111889 −1.3111889 −1.3019354 −1.3019354
3.0 −1.2529413 −1.2529413 −1.4407152 −1.4407152
5.0 −1.1347099 −1.1347099 −1.7120357 −1.7120357
10 −0.5615406 −0.5615406 −2.8870685 −2.8870685
20 1.7010671 1.7010671 −6.5419993 −6.5419993
Table 3
Shear stresses G′(0) and G′(1) at both walls for different values of parameters and a comparison with HAM results whenM = 0.5.
Ω w0 β Numerical results for G′(0) HAM results for G′(0) Numerical results for G′(1) HAM results for G′(1)
2.0 0.5 −1.0 −2.7093912 −2.7093912 3.0250739 3.0250739
0.0 −0.9119718 −0.9119718 1.4031897 1.4031897
1.0 0.3035328 0.3035328 0.2966841 0.2966841
2.0 1.1830026 1.1830026 −0.5118183 −0.5118183
3.0 1.8515012 1.8515012 −1.1328529 −1.1328529
2.0 0.0 2.0 1.8287998 1.8287998 −1.2304429 −1.2304429
0.3 1.4676140 1.4676140 −0.8059641 −0.8059641
0.6 1.0261661 1.0261661 −0.3611836 −0.3611836
0.9 0.4913675 0.4913675 0.1059088 0.1059088
1.2 −0.1518953 −0.1518953 0.5975976 0.5975976
1.0 0.5 2.0 0.5920816 0.5920816 −0.2550847 −0.2550847
3.0 1.7716590 1.7716590 −0.7717813 −0.7717813
5.0 2.9388191 2.9388191 −1.3070109 −1.3070109
10.0 5.7656542 5.7656542 −2.7775364 −2.7775364
20.0 11.0656615 11.0656615 −6.3125554 −6.3125554
the form of infinite series of functions, i.e.
F (η) = F0 (η)+
∞
m=1
Fm (η) , (21)
G (η) = G0 (η)+
∞
m=1
Gm (η) . (22)
The convergence of HAM solution can be depicted from Table 1 in which the homotopy padé approximation is applied
in order to accelerate the convergence of series solutions. The table shows that on increasing the order of [m/m] padé
approximation the corrections to the solution become negligible and after [4/4] order it seems no correction up to 9 decimal
places which proves the convergence of our HAM series solution.
Tables 2 and 3 show a comparison of both the solution techniques for the values of shear stresses in x and z-directions,
respectively. It appears from the tables that the results obtained from both solution techniques are in good agreement up to
7 decimal places which proves the validity of present numerical solution.
1580 S. Munawar et al. / Computers and Mathematics with Applications 64 (2012) 1575–1586
Fig. 3. Influence of parameter β on the velocity component F ′(η).
Fig. 4. Influence of parameter β on the transverse velocity G(η).
4. Results and discussion
In this section the numerical results for the velocity profiles, stream function and wall skin friction are analyzed through
graphs and tables. Fig. 3 demonstrates the effects of parameter β on the velocity component F ′ (parallel to x-axis) and it is
observed that the velocity increases with β . It is noticed that the higher values of β depreciate the reverse flow; however,
the negative values of β support the reverse flowwhich is only due to the squeezing and extruding effects of the upper wall.
Fig. 4 shows that the transverse velocity component G increases as β increases, however, this increment is more significant
in the center of the channel. The velocity component F for various values of β is plotted in Fig. 5 and it is observed from
here that as β increases the velocity profile F in the vicinity of the upper plane increases in the negative y-direction which
indicates the accumulating squeezing effects on the flow. The stream lines are plotted in Fig. 6 for various values of β to see
the flow pattern and it is noticed from Fig. 6(a) that for β = −1.0 the effect of reverse flow is prominent and for β = 0 (see
Fig. 6(b)), the immunity of the reverse flow collapses. In Fig. 6(c) it is shown that for β = 0.5 the stream lines for the forward
flow appear and forβ = 5.0 (see Fig. 6(d)) stream lines for fully developed forward flow transpires. The pattern of the stream
lines, as shown in Fig. 6, confirms the results discussed before in this paragraph. Table 2 shows that the shear stress F ′′(0)
at lower wall increases as β enhances and for large β it changes its sign from negative to positive, however, the shear stress
at the upper wall F ′′(1) decreases and changes its sign from positive to negative as β enhances. This conduct of shear stress
is due to the high squeezing forces acting on the lower wall and development of forward flow in its vicinity. Similarly,
the values of shear stresses G′(0) and G′(1) at lower and upper wall, respectively, show the same tendency as β increases
(see Table 3).
The consequence of suction parameter w0 on the velocity profile F ′ is illustrated in Fig. 7. It is known that large suction
causes decrease in F ′ which results in the occurrence of reverse flow. The reverse flow is more prominent near the upper
plate as compare to the lower plate which is due to the substantial adverse pressure gradient generated by large amount of
fluid particles escaping from the lower wall. Fig. 8 shows that the transverse velocity component G(η) decreases as suction
at lower wall augments, which is due to the escaping flow near the lower plate. Fig. 9 demonstrates that as suction increases
the velocity component F(η) increases and the variation in the velocity profile confines in the vicinity of lower plate. Tables 2
and 3 show that the presence of suction at lower plate is to reduce the shear stresses F ′′(0) and G′(0) and to increase the
shear stresses F ′′(1) and G′(1) at upper wall.
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Fig. 5. Influence of parameter β on the velocity component F(η).
Fig. 6. Stream lines pattern for different values of β whenΩ = 1.0,M = 0.5 andw0 = 0.5.
The pressure variations for different values of β are presented in Fig. 10 and it is noticed that the pressure variation are
large near the surfaces of both plates. This conduct of the pressure variation is due to large flow rate near the walls and this
change in the flow gives ground to large pressure gradient. It is also observed that for a fixed β favorable pressure gradient
near one plate causes adverse pressure gradient at opposite side which is due to the fact that the forward flow at one side
generates the reverse flow at other or vice-versa. The effects of rotation parameter on the pressure gradient are shown in
Fig. 11. It is evident from here that large rotation causes favorable pressure gradient near lower surface, whereas, adverse
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Fig. 7. Influence of parameterΩ on the velocity component F ′(η).
Fig. 8. Influence of parameterΩ on the transverse velocity G(η).
Fig. 9. Influence of parameterΩ on the velocity component F(η).
pressure gradient occurs on other side. In the main flow regime, three variational trends in the pressure gradient can be
noticed. In the lower half channel the pressure gradient is adverse, in the center of the channel the pressure gradient is
constant and in the upper half region pressure gradient is favorable. The effect of parameter M on pressure gradient P ′(η)
can be seen from Fig. 12. From the figure it is seen that in the neighborhoods of both the plates the adverse pressure gradient
increases as the Lorentz force increases and in the center of channel the adverse pressure gradient decreases. This behavior
of the pressure variation is due to fact that as the Lorentz force increases the reverse flow generates which depreciates the
favorable pressure gradient. The effect of suction parameter w0 on the pressure gradient is displayed in Fig. 13. From the
S. Munawar et al. / Computers and Mathematics with Applications 64 (2012) 1575–1586 1583
Fig. 10. Influence of parameter β on the pressure gradient P ′(η).
Fig. 11. Influence of parameterΩ on the pressure gradient P ′(η).
Fig. 12. Influence of parameterM on the pressure gradient P ′(η).
figure it is noticed that as suction increases the pressure gradient is transformed from favorable to adverse near the lower
plate and adverse to favorable near the upper plate.
Fig. 14 indicates that the viscous drag at lower plate can be minimized by increasing the squeezing velocity of upper
plate. It is also observed that as suction increases, large value of β is required to reduce viscous drag at lower plate. Fig. 15
illustrates that as rotation increases the skin friction at lower disk rapidly vanishes toward zero and then increases, taking
positive values. This shows that for large rotation small squeezing force is needed in order to minimize the viscous drag.
Fig. 16 shows that as magnetic parameterM increases the skin friction decreases but not significantly.
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Fig. 13. Influence of parameterw0 on the pressure gradient P ′(η).
Fig. 14. Influence of parameterw0 on the wall skin friction F ′′(0) against β .
Fig. 15. Influence of parameterΩ on the wall skin friction F ′′(0) against β .
5. Conclusion
The unsteady three-dimensionalMHD rotating squeezed flow in a channel of lower stretching porouswall is studied. The
upper wall is moving along the direction perpendicular to its surface with time-dependent velocity and compels the fluid
layer in the channel. The governing equations are solvedwith a numerical technique the shootingmethod. The comportment
of the flow extremely depends upon the parameters β,w0 andΩ . An increase in β expedites the perpendicular movement
of disk and therefore supports the forward flow in x and z directions. It is also determined that the presence of imposed
velocity of the upper wall is to control and adjust the viscous drag at lower plate and by applying the suitable squeeze force
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Fig. 16. Influence of parameterM on the wall skin friction F ′′(0) against β .
the viscous drag on lower wall can be minimized. The suction parameterw0 assists in the enhancement of the reverse flow
in x and z directions and as suction increases the large value of β is required to minimize the viscous drag on the lower
plate. Also the magnitude of wall shear stresses increase with Ω and small value of β can minimize the viscous drag at
large rotation. It is concluded that the effect of β on the pressure gradient confines near to the surfaces of the planes and an
adverse pressure gradient at one plane results in the favorable pressure gradient on the other side. The pressure gradient
shows various variational trends for different values ofΩ and the large value ofΩ corresponds to hefty pressure gradient
near the walls. The pressure gradient increases near the boundaries and decreases in the center of channel as the magnetic
parameterM increases. As the suction parameterw0 increases the adverse pressure gradient increases near the lower plate.
Acknowledgments
The authors are grateful to the reviewers of the paper for their expertise comments and suggestions to improve the
quality of manuscript.
References
[1] L.J. Crane, Flow past a stretching plate, Z. Angew. Math. Phys. 21 (1970) 645.
[2] C.Y. Wang, The three-dimensional flow due to a stretching flat surface, Phys. Fluids 27 (1984) 1915.
[3] H.I. Andersson, MHD flow of a viscoelastic fluid past a stretching surface, Acta Mech. 95 (1992) 227–230.
[4] P. Carragher, L.J. Crane, Heat transfer on a continuous stretching sheet, ZAMM Z. Angew. Math. Mech. 62 (1982) 564–565.
[5] L.J. Grubka, K.M. Bobba, Heat transfer characteristics of a continuous stretching surfacewith variable temperature, J. Heat Transfer 107 (1985) 248–250.
[6] A. Ali, A. Mehmood, Homotopy analysis of unsteady boundary layer flow adjacent to permeable stretching surface in a porous medium, Commun.
Nonlinear Sci. Numer. Simul. 13 (2008) 340–349.
[7] A. Mehmood, A. Ali, Analytic solution of generalized three-dimensional flow and heat transfer over a stretching plane wall, Int. Commun. Heat Mass
Transfer 33 (2006) 1243–1252.
[8] P.D. Ariel, Axisymmetric flow of a second grade fluid past a stretching sheet, Internat. J. Engrg. Sci. 39 (2001) 529–553.
[9] M.B. Zaturska, W.H.H. Banks, New solutions for flow in a channel with porous walls and/or non-rigid walls, Fluid Dynam. Res. 33 (1–2) (2003) 57–71.
[10] E.M.A. Elbashbeshy, M.A.A. Bazid, Heat transfer over an unsteady stretching surface, Heat Mass Transfer 41 (1) (2004) 1–4.
[11] T. Fang, J. Zhang, Flow between two stretchable disks—an exact solution of the Navier–Stokes equations, Int. Commun. Heat Mass Transfer 35 (2008)
892–895.
[12] A. Robert, V. Gorder, E. Sweet, K. Vajravelu, Analytical solutions of a coupled nonlinear system arising in a flow between stretching disks, Appl. Math.
Comput. 216 (2010) 1513–1523.
[13] A. Tamayol, K. Hooman, M. Bahrami, Thermal analysis of flow in a porous medium over a permeable stretching wall, Transp. Porous Media 85 (3)
(2010) 661–676.
[14] S. Munawar, A. Mehmood, A. Ali, Effects of slip on flow between two stretchable disks using optimal homotopy analysis method, Canad. J. Appl. Sci. 1
(2) (2011) 50–68.
[15] A.K. Borkakoti, A. Bharali, Hydromagnetic flow and heat transfer between two horizontal plates, the lower plate being a stretching sheet, Quart. Appl.
Math. 41 (1983) 461–467.
[16] T. Hayat, N. Saleem, Y.A. Elamboud, S. Asghar, Effect of induced magnetic field on peristaltic flow of a second order fluid in a symmetric channel,
Internat. J. Numer. Methods Fluids 67 (2011) 537–558.
[17] K. Vajravelu, B.V.R. Kumar, Analytical and numerical solutions of a coupled non-linear system arising in a three-dimensional rotating flow, Internat.
J. Non-Linear Mech. 39 (2004) 13–24.
[18] A. Mehmood, A. Ali, Analytic homotopy solution of generalized three-dimensional channel flow due to uniform stretching plate, Acta Mech. Sin. 23
(2007) 503–510.
[19] A. Mehmood, A. Ali, Across mass transfer phenomenon in a channel of lower stretching wall, Chem. Eng. Commun. 198 (2011) 678–691.
[20] E.A. Hamza, D.A. Macdonald, A fluid film squeezed between two parallel plane surfaces, J. Fluid Mech. 109 (1981) 147–160.
[21] E.A. Hamza, The magnetohydrodynamic effects on a fluid film squeezed between two rotating surfaces, J. Phys. D Appl. Phys. 24 (1991) 547–554.
[22] P. Singh, V. Radhakrishnan, K.A. Narayan, Squeezing flow between parallel plates, Ing.-Arch. 60 (1990) 274–281.
[23] S. Bhattacharyya, A. Pal, Unsteady MHD squeezing flow between two parallel rotating discs, Mech. Res. Comm. 24 (1997) 615–623.
[24] M.M. Rashidi, H. Shahmohamadi, S. Dinarvand, Analytic approximate solutions for unsteady two-dimensional and axisymmetric squeezing flows
between parallel plates, Math. Probl. Eng. 2008 (2008) 12 pages. Article ID 935095.
1586 S. Munawar et al. / Computers and Mathematics with Applications 64 (2012) 1575–1586
[25] S. Islam, H. Khan, I.A. Shah, G. Zaman, An axisymmetric squeezing fluid flow between the two infinite parallel plates in a porous medium channel,
Math. Probl. Eng. 2011 (2011) 10 pages. Article ID 349803.
[26] J.D. Sherwood, Squeeze flow of a power-law fluid between non-parallel plates, J. Non-Newton. Fluid Mech. 166 (2011) 289–296.
[27] A. Lawal, D.M. Kalyon, Squeezing flow of viscoplastic fluids subject to wall slip, Polym. Eng. Sci. 38 (1998) 1793–1804.
[28] M. Idrees, S. Islam, S. Haq, S. Islam, Application of optimal homotopy asymptoticmethod to squeezing flow, Comput.Math. Appl. 59 (2010) 3858–3866.
[29] G. Domairry, A. Aziz, Approximate analysis of MHD squeezing flow between two parallel disks with suction or injection by homotopy perturbation
method, Math. Probl. Eng. 2009 (2009) 19 pages. AID 603916.
[30] L. Debnath, On unsteadyMHD boundary layer in a rotating flow, in: Recent Research in Unsteady Boundary-Layers, Les Presses De L’Universite? Laval,
Quebec, 1972.
[31] M. Kurosaka, The oscillatory boundary layer growth over the top and bottom plates of a rotating channel, J. Fluids Eng. 95 (1973) 68–71.
[32] I. Pop, V.M. Soundelgekar, On unsteady boundary layers in rotating flow, J. Inst. Math. Appl. 15 (1975) 343–349.
[33] H.S. Takhar, A.J. Chamkha, G. Nath, MHD flow over a moving plate in a rotating fluid with magnetic field, Hall currents, and free stream velocity,
Internat. J. Engrg. Sci. 40 (13) (2002) 1511–1527.
[34] S.J. Liao, Beyond Perturbation: Introduction to Homotopy Analysis Method, Chapman & Hall, CRC Press, London, Boca Raton, 2003.
[35] A. Mehmood, Purely analytic solutions to somemultidimensional viscous flows with heat transfer, Ph.D. Thesis, Quaid-i-Azam University, Islamabad,
2010.
[36] S.J. Liao, An explicit, totally analytic approximation of Blasius viscous flow problems, Internat. J. Non-Linear Mech. 34 (40) (1999) 759–778.
[37] S. Abbasbandy, Homotopy analysis method for heat radiation equations, Int. Commun. Heat Mass Transfer 34 (2007) 380–387.
[38] M. Khan, S. Munawar, S. Abbasbandy, Steady flow and heat transfer of a Sisko fluid in annular pipe, Int. J. Heat Mass Transfer 53 (2010) 1290–1297.
[39] A. Mehmood, S. Munawar, A. Ali, Letter to the editor ‘‘Comment on: homotopy analysis method for solving the MHD flow over a non-linear stretching
sheet (Commun. Nonlinear Sci. Numer. Simulat. 14 (2009) 2653–63)’’, Commun. Nonlinear Sci. Numer. Simul. 15 (2010) 4233–4240.
[40] S. Munawar, A. Mehmood, A. Ali, Unsteady local non-similar boundary-layer flow over a long slim cylinder, Int. J. Phys. Sci. 6 (34) (2011) 7709–7716.
